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Abstract 
Spray drying of pink guava puree is important for preservation, volume reduction and prolongation of its shelf-life. This 
investigation was carried out to assess selected physical properties of its powder dried using lab plant spray dryer SD-05. The 
juice (brix 10.0±0.1) of pink guava puree was mixed with MD at 10%, 15% and 20% and dried using temperatures 150, 160 and 
170°C at feed flow rate 350 ml/hr. Quality powder in terms of final moisture content, particle size, powder yield, bulk density, 
tapped density, flowability and color was found to be yielded at drying temperature of 150°C with 15% maltodextrin. 
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1. Introduction 
Most fruits are harvested seasonally in abundance and due to their high moisture content and short lifespan and to 
meet the market demand throughout the year in all parts of the world, the product needs further treatmentsuch as 
drying. One of the most suitable preservation methods for fruits or fruit juice/puree is drying into powder form. 
Even though most of the drying methods are traditional, primeval and simple, there is an urgingrequirement to apply 
advanced techniques such as spray drying, with the objectives of increasing productivity and getting better control 
on process to gain the product quality. The use of spray drying to obtain powdered food products has been 
investigated by several researchers (Patil et al., 2014; Fazaeli et al., 2012; Kha et al., 2010). Studies have shown that  
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the properties of spray-dried powders are mainly affected by process conditions such as air inlet and outlet 
temperatures, air flow rates, atomizer type and pressure and feed properties and flow rates (Fazaeli et al., 2012).  
The process conditions not only affect the physical properties of the powders, but also they are affected by the 
drying agents such as maltodextrin used during spray drying operations (Torres et al., 2013). Pink guava 
(Psidiumguajava) belonging to Myrtaceaefamily that is cultivated in many tropical and subtropical countries (Cano-
Chauca et al., 2005) especially in Malaysia, the largest pink guava producer in Asia (Sime Darby Beverages Sdn. 
Bhd., 2011). It is very rich in antioxidants especially lycopene that is responsible for its pink color (Thuaytong, 
2011). Since pink guava has delicate color and flavor properties and drying conditions may have great effect on the 
physical properties of the final product, drying operations need to be carefully designed to preserve the best quality. 
However, as literature shows, there are some limitations in producing fruit powder by spray drying. Guava powder 
is very sticky due to its higher sugar content that leads to wall deposition problems resulting in lower product yield 
with poor quality (Patil et al., 2014; Mahendran, 2010). Even though the addition of maltodextrin can minimize the 
stickiness and hygroscopicity problems (Patil et al., 2014), higher MD concentrations lead to the condition the 
higher the feed viscosity, larger the droplets resulting in larger particle size (Jinaponget al., 2008). Also, changes on  
the drying temperature can affect on the color, final moisture content and bulk density of powder (Tonon et al., 
2011). 
Therefore, the information on physical properties of spray-dried pink guava powder in processing and storage 
will be of great significance. This justifies why the aim of this study was to produce spray-dried pink guava powder 
and assess the effect of drying parameters such as air inlet temperature and the maltodextrin concentration on some 
identified physical attributes of the final product. 
 
Nomenclature 
 
MD          Maltodextrin DE 10 
CI            Carr Index 
HR          Hausner Ratio 
TSS         Total soluble solid content 
 
2. Materials and methods  
2.1.Raw materials 
     Pink guava puree of Beaumont variety, product of Sime Darby Beverages Sdn. Bhd., Malaysia, was collected 
from the super market. The brix content of the collected puree was around 8.6o ±0.1. 
2.2. Carrier agent 
Carrier agents are widely used as an alternative way to increase the glass transition temperature of powder in 
order to reduce the stickiness and hygroscopicity of the final product (Truong et al., 2005). Maltodextrin with DE 10 
was chosen due to its better nutrient binding properties that permit liquids to be transformed into free-flowing 
powder without altering or covering the flavor (Tonon et al., 2011). 
2.3. Sample preparation 
The pink guava puree was stored at -20oC and defrosted overnight at 4°C before sample preparation and 
afterward mixed with distilled water and sugar until reaching  total soluble solid content of 10.0±0.10 brix. Initial 
experiments were conducted to get optimum ratio and found that puree(v): water(v): sugar(wt.) (1:2.33:0.27) 
provided better appearance and throughput. Then the mixture was blended for 10 seconds and filtered with 250μm 
sized sieve. Maltodextrin was added to the juice directly in a concentration of 10%, 15% and 20% (w/v) and 
homogenized at 5000 rpm for 8 minutes (Carrillo-Navas et al., 2011) by using Homogenizer (Wise Mix HG-15A). 
Then the total soluble solid content was measured before spray drying and 300 ml sample was taken to spray dry in 
every case (Fig. 1).  
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2.4. Spray drying 
     A laboratory plant spray dryer, Lab Plant SD-05 (West Yorkshire, UK) was used to conduct the spray drying 
using co-current flow, with a 0.5 mm diameter nozzle and main spray chamber 215 mm×500 mm long. The drying 
conditions were selected as feed flow rate of 350 mL/h, pressure of 2.0 bars, drying air flow rate was 50 m³/hr and 
feed temperature of 25°C. Three inlet temperatures of 150, 160, and 170°C were studied based on literature and 
initial experiments. After setting at each temperature, the sample was spray dried, collected the powder produced 
and cooled it down in desiccator and stored at 4°C in dark for further analysis. 
 
 
 
 
 
 
 
Fig. 1.Process flow chart for the development of pink guava powder. 
 
2.5. Analysis of powder 
2.5.1. Moisture content 
The moisture content analysis was conducted according to the method of AOAC, 1990. One gram of sample was 
taken and dried in an oven at 70°C until constant weight and triplicated the analysis and calculated as;  
100
samplepowderofWt.
losswaterofWt.contentMoisture u                                                        (1) 
 
2.5.2. Bulk and tapped density 
Bulk density was determined according to Sahin-Nadeem et al., (2013) method. Two grams powder was taken 
into 10 mL graduated cylinder (keep on plane level) and recorded the volume changes. Bulk density of the powder 
was estimated as the ratio of mass of the sample to it’s volume. 
     The tapped density of the samples was determined by placing 2 g of powder in a 10 ml graduated cylinder and 
calculating the volume after the sample was smoothly dropped 120 times on top of a rubber mat from a height of 15 
cm (Ozdikicierler et al., 2014). 
tappingafterVolume
powderofMassdensity Tapped                                                                       (2) 
2.5.3. Flowability  
The flowability of the powders was evaluated in terms of the Carr index (CI) and Hausner ratio (HR), (Jinapong 
et al., 2008). Both CI and HR were calculated from the bulk and tapped densities of the powders as follows: 
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100
density Tapped
densityBulk -density  TappedCI u                                                                   (3) 
densityBulk 
density TappedHR                                                                                                 (4) 
The flowability chart (Table 1) ranges the values of the Carr index and Hausner ratio in terms of the flow 
property that indicates the quality of the powder. The Carr Index ranges the excellent and good quality powder at 0-
10% and 11-15% respectively whereas the Hausner ratio ranges 1.00-1.11 and 1.12-1.18 accordingly. Based on the 
quality of powder, the range which is from excellent to passable is acceptable and others refer to the lower quality of  
the powder. 
Table 1. Specification for Carr index and Hausner ratio (Lebrun et al., 2012). 
Flowability Carr Index (CI), % Hausner Ratio (HR) 
Excellent 0-10 1.00-1.11 
Good 11-15 1.12-1.18 
Fair 16-20 1.19-1.25 
Passable 21-25 1.26-1.34 
Poor 26-31 1.35-1.45 
Very poor 32-37 1.46-1.59 
Very, very poor >38 >1.60 
 
 
2.5.4. Color analysis 
    The powder color was determined by using a color reader (CR-10; Konica Minolta Sensing Ltd., Japan). In order 
to obtain the L*(lightness), a*(green/red), and b*(blue/yellow) value, the lens of the color reader was placed on the 
powder. Triplicate samples were analyzed and mean value was reported (Tze et al., 2012). 
2.5.5. Particles size distribution 
The size of powder particles was determined by using a laser light diffraction instrument, Mastersizer 2000 
(Malvern Instruments, Malvern, U.K.) (Tze et al., 2012). The particle size was found as mean diameter, which is 
usually used to characterize a particle. Triplicate samples were analyzed and the average value was reported. 
2.5.6. Powder yield 
The spray drying yield was estimated at the relationship between the mass of the final product and the mass of 
the feed mixtureand calculatedas (León-Martínez et al., 2010): 
100)()( 1212 u 
sv
wb
TF
WWXWWY   (5) 
where Y is powder yield (%), Xwb is the moisture content (wb), Fv is the feed volume, Ts is the total solid 
content, and W1 and W2 are the weight of the powder bottle before and after spray drying, accordingly. 
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2.6. Statistical analysis 
All the measurements were conducted  in triplicate and evaluated as mean value with standard deviations by 
analysis of variance (ANOVA) using SAS System 9.3 for Windows 7 (SAS Institute Inc., Cary, NC, USA). The 
diagrams of average value and error bars were generated by using Microsoft excel version of 2010. 
 
3. Results and discussion 
3.1. Moisture content 
The higher the inlet air temperature and MD concentration, the lower the moisture content of the spray-dried pink 
guava powder as shown in Fig. 2(a). At higher inlet air temperatures, there was a significant changes found on 
moisture content due to the higher temperature gradient between the atomized feed and the drying air, causing rapid 
water vaporization with greater rate of heat transfer, ultimately leads to generate powders with lower moisture 
content (Kha et al., 2010). Oppositely, higher MD concentrations showed a sound effect to down the moisture trend 
of spray-dried powder owing tothe fact that the addition of MD that increased the total solids of the feed and 
reduced the amount of water vaporization (Shrestha et al., 2007). 
 
 
 
 
 
 
 
Fig. 2.  (a) Moisture content, (b) Mean particle size, (c) Powder yield, of pink guava powders with different concentration of MD, in 
different inlet air temperature. 
 
3.2. Particles size distribution 
Higher inlet temperatures generally led to the production of larger particles, which is associated to the higher 
swelling affected by higher temperatures (Fig. 2(b)). Higher drying temperature causes rapid drying and lower 
shrinkage, resulting in quick development of particle structure that leads to higher particle size. At lower inlet 
temperature, the particle becomes more shrinkage and produces smaller diameter (Nijdam and Langrish, 2006). 
Oppositely, different concentrations of MD at constant temperature increased the mean diameters of the powders 
produced on the whole except for 15% MD concentration where mean particle diameters dropped. However, the 
increment of mean diameter of particle is due to the higher feed viscosity, which increased with MD concentration, 
creates greater droplets and consequentially forms larger particles during spray drying (Masters, 1979). 
 
3.3. Powder yield 
Analyzing Fig. 2(c), it can be observed that both MD concentrations and inlet temperatures have significant 
effect on the product yield especially higher MD concentrations that led to higher production up to 15% MD where 
the increasing inlet air temperature showed random effect, maximum yield (55%) has been found for 20% MD at 
   
(a) (c) (b) 
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170°C and 52% yield for 15% MD at 160°C.However, the increasing in MD concentrations in pink guava juice 
significantly increased the process yield. This is similar with the results of Shrestha et al., (2007). On the whole, the 
product yield of the samples decreased, when inlet air temperature was increased from 150°C to 170°C. Such 
decrease may be happened due to the sticking of the pink guava droplets on the hot surface area of the spray drying 
chamber (Sahin-Nadeem et al., 2013). 
3.4. Bulk density and tapped density 
The bulk density and tapped density both are significant characteristics of the powder product owing to its 
functional and cost-effective reasons. In this study, bulk density of the pink guava powders reduced with increasing 
inlet temperature, varied from 342-449.33 kg/m³ (Fig. 3(a)).In general, higher inlet air temperatures result in 
powders with lower density, which is due to the higher drying temperature that causes faster particle drying with less 
droplet shrinkage giving lower powder density (Fazaeli et al., 2012). The bulk density increased with the increasing 
of MD concentrations except for 15% MD concentration that showed maximum values. Bae and Lee (2008) showed 
similar result which was recognized to increase in the total solid content of the feed solution. According to Fig. 3(b), 
there was quite similar effect on tapped density as bulk density with different MD concentrations at increasing inlet 
temperatures. 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
Fig. 3. (a) Bulk density, (b) Tapped density, (c) Hausner ratio and (d) Carr index of pink guava powders with various MD 
concentrations in different inlet temperature. 
 
 
3.5. Flowability 
According to standard value of the Carr index and the Hausner ratio, to detect good flowability, the 
compressibility index must be within 15% and the Hausner ratio within 1.18 as shown in Table 1. It is observed that 
from Fig. 3(c) and 3(d), both HR & CI values increased with the increasing of temperature and MD concentration. 
(b) (a) 
(c) (d) 
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In case of the 15% MD samples showed lower HR and CI values that indicated good flowability. There is a 
possibility that for lower particle size and higher bulk density that led to good flowability. 
3.6. Color analysis of powder 
 
It is observed from Table 2; the lightness of the powders was considerably affected by MD concentration when 
powders were produced at inlet temperatures up to 160°C. On the other hand, higher inlet temperature produced 
lighter product than lower inlet temperature. Higher degree of lightness of spray-dried powder at higher inlet 
temperature indicates that the pigments have been lost due to oxidation (Sousa et al., 2008). Highest value of a*/b* 
(0.369), lowest value of hue angle (69.7) and lowest chroma (23.3) were obtained with 10% MD at 150°C while 
others showed reduction in case of a*/b* value and rise in terms of hue angle and chroma with different MD 
concentrations at different inlet temperatures. Due to higher MD level and higher inlet temperature, thermal 
degradation and rapid oxidation  could be occurred that resulted in low a*/b* value and high hue angle led to lower 
color which is similar findings with (Kha et al., 2010). 
Table 2. Color properties of pink guava powder. 
 
 
4. Conclusions 
     The research work was carried out to assess the selected physical attributes of spray-dried pink guava powder 
with the addition of different concentrations of MD at several inlet temperatures to preserve unique physical 
characteristics of the final product. The results showed that inlet temperatures and MD concentrations both have 
significant influence on the powder properties atP< 0.01. Overall, at the inlet temperature of 150°C and MD 
concentration of 15%, the spray-dried powders have better properties/ quality; reasonably lower moisture content, 
higher yield, better bulk density with good flowability and moderate color properties over others. These physical 
properties of the powders are very significant to ensure the production of better quality final product. Further 
investigation is required to analyze some chemical compounds of the final powder to preserve the best quality, and 
on the storage effects towards the quality properties to enhance the shelf life of the product. 
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Maltodextrin Temperature (°C) L*  (lightness) 
 
c* (chroma) 
 
h* (hue angle) a*/b* 
 
 
10% 
150 74.9 ± 0.5 23.3 ± 0.61 69.7 ± 0.25 0.369 ± 0.0030 
160 75.5 ± 0.36 23.9 ± 0.26 70.7 ± 0.20 0.349 ± 0.0060 
170 75.5 ± 0.26 24.4 ± 0.25 71.9 ± 0.37 0.327 ± 0.0064 
 
15% 
150 76.6 ± 0.43 23.5 ± 0.28 71.4 ± 0.36 0.336 ± 0.0062 
160 76.9 ± 0.20 23.9 ± 0.26 72.2 ± 0.25 0.320 ± 0.0061 
170 76.7 ± 0.26 24.7 ± 0.17 73.5 ± 0.20 0.295 ± 0.0025 
 
20% 
150 77.8 ± 0.40 24.1 ± 0.17 73.8 ± 0.15 0.290 ± 0.0028 
160 78.1 ± 0.45 24.5 ± 0.55 74.9 ± 0.66 0.270 ± 0.0080 
170 77.8 ± 0.20 25.2 ± 0.28 76.5 ± 0.32 0.240 ± 0.0060 
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